Introduction
Treponema pallidum, the aetiological agent of syphilis, continues to be an important public health problem in the United States.' Infection with T pallidum in man and experimental rabbits typically leads to the development of a characteristic lesion. During infection the host mounts a complex immune response to Tpallidum, which probably resolves the lesion.23 A characteristic feature of syphilis, however, is the development of latent stages, which may be due to the persistence of T pallidum in some people.2 3 A major obstacle to elucidating the role of humoral and cell mediated immunity in syphilis has been the lack of a suitable inbred animal model. The most widely used animal model for experimental infection with Tpallidum continues to be the rabbit. Although inbred strains of rabbits exist, they are expensive and not readily available. The inbred mouse offers investigators a well defined genetic and immunological background for 'the study of many infectious diseases. We have previously reported that certain strains of inbred mice infected with T pallidum do not develop a characteristic lesion, although the organism appears to persist within mouse tissue for several months after infection. 4 In addition, inbred mice injected with virulent T pallidum develop an appreciable humoral immune response as shown by the enzyme linked immunosorbent assay (ELISA) and the microhaemagglutination (MHA-TP) assay. 4 We were interested in investigating further the development of the humoral immune response in mice experimentally infected with Tpallidum to assess which Tpallidum antigens are recognised by serum from these mice and compare them with the antigens recognised by serum from rabbits and man infected with T pallidum. We also investigated the effect of antibiotic treatment on the antibody response of mice infected with Tpallidum.
Materials and methods

ANIMALS
Adult male Balb/c mice were bought from Jackson Laboratories Bar Harbor, Maine, USA; the C57/BL mice were obtained from Dr G Haughton, Department of Microbiology anod Immunology, of this university; and the rabbits were obtained from Dutchland, Denver, Pennsylvania, USA. All animals were maintained at 18°C and fed antibiotic free food J M Saunders and J D Folds in the animal facilities at the University of North Carolina.
SOURCE OF T PALLIDUM
T pallidum, Nichols strain, was originally obtained from Dr Joel B Baseman. It was grown in cortisone treated rabbits by intratesticular inoculation as described previously.6 At peak orchitis (10-12 days after infection) the rabbit testes were excised and the T pallidum organisms were extracted in 0 1 mol/l phosphate buffered saline (PBS), pH 7-2, plus 5% heat inactivated normal rabbit serum. The extraction medium was centrifuged twice at low speed to remove contaminating host cells. At this stage the T pallidum organisms were used to infect mice. T pallidum organisms which were to be used as antigen for sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting were then layered on to 42% Percoll solution (Sigma Chemical Co, St Louis, Missouri, USA) and centrifuged in a Sorvall SS-34 rotor at 32 000 x g for 30 minutes at 4°C to purify the organisms. The T pallidum band was collected and centrifuged at 100 000 x g for 60 minutes at 4°C to pellet the Percoll.7 The T pallidum was collected and centrifuged in an Airfuge (Beckman Co, Fullerton, California, USA) for five minutes to remove the remaining Percoll, which might otherwise have interfered with solubilising the Tpallidum for SDS-PAGE. GROWTH With the exception of one group, Balb/c and C57/BL mice were inoculated intradermally with 10 x 106 freshly extracted virulent T pallidum.
Rabbits served as controls for the infectivity of the T pallidum inoculum. They were injected with the same T pallidum inoculum as the experimental mice, and in each case the rabbits developed orchitis 10 to 12 days after infection. The mice were divided into several groups. Those in group 1 received no further treatment. Those in group 2 were inoculated with heat inactivated (at 56°C for four hours) Tpallidum. Mice in group 3 and 4 received antibiotics from day two to day 42 after inoculation; those in group 3 received penicillin intramuscularly (2500 units every four days), and those in group 4 received tetracycline orally (500 mg/l water). Mice in group 5 and 6 received antibiotics from day 42 to day 84 after infection; those in group 5 received penicillin intramuscularly (2500 units every four days), those in group 6 received tetracycline orally (500 mg/l water). The antibiotic concentrations chosen were based on information from the CRC Handbook.9 The mice were bled before inoculation with Tpallidum and at weekly intervals after inoculation. The mouse serum was kept frozen at -70°C until used.
GEL ELECTROPHORESIS SDS-PAGE was undertaken with an 8-20% gradient slab gel and the Laemmli discontinuous buffer system.'0 Electrophoresis was performed at 5 MA overnight and continued until one hour after the dye front was electrophoresed off the gel. The antigens of T pallidum and T phagedenis biotype Reiter (4 x 109 organisms/ml) and marker proteins were dissolved in an equal volume of final sample buffer (0-625 mol/l trometamol (TRIS), pH 6 8, 2% sodium dodecyl sulphate (SDS), and 5% 2-mercaptoethanol) for five minutes at 100°C. The gels were stained with Coomassie blue to detect the polypeptides.
WESTERN BLOTTING TECHNIQUE
The western blotting technique was used to identify which antigens were recognised by serum from mice infected with Tpallidum. II The treponemal proteins were separated by gel electrophoresis and transferred electrophoretically from the gel to a 0 20 gAnl pore size nitrocellulose sheet (Sartorius Filters, Inc, Hayward, California, USA) at 195 MA for one hour and 50 MA for a further hour in 25 mol/l TRIS, 192 mmol/l glycine, and 20% methanol.'2 The transblots were stained with Amido black to ensure that the full range of molecular weights of proteins was transferred. The nitrocellulose sheets were incubated in 5% OA-TSA (ovalbumin-TRIS saline azide buffer) for one hour to block the remaining protein binding sites. The nitrocellulose sheets were incubated overnight with mouse serum diluted 1/100 in OA-TSA. The blots were washed for one hour with four changes of TSA and then incubated with I125 Staph Protein A (2 x 106 counts per minute (cpm)) for two hours. The nitrocellulose sheets were washed extensively in TSA to remove unbound label, air dried, and autoradiographed. All stages of incubation and washing were carried out at room temperature.
Huinoral response of the mouse to Treponema pallidum2n
Results
POLYPEPTIDE PROFILES OF T PALLIDUM (NICHOLS) AND T PHAGEDENIS BIOTYPE REITER
Tpallidum, Tphagedenis biotype Reiter, and normal testicular extract, as well as molecular weight markers, were subjected to SDS-PAGE analysis. Figure 1 shows the complex polypeptide gel profile that can be identified after staining with Coomassie blue dye. T pallidum and T phagedenis biotype Reiter each contain at least 32 distinct proteins with molecular weights ranging from about 12 000 to >100 000 daltons. We were also interested in assessing which Tpallidum antigens were identified by serum from rabbits infected intratesticularly with Tpallidum and serum from people with secondary syphilis in comparison with the antigenic profile established with serum from mice infected with Tpallidum. Figure 3 shows that serum samples from infected mice, rabbits, and people are able to recognise similar Tpallidum and T phagedenis biotype Reiter antigens, although some differences are noticeable. 5) . The antibody response failed to continue to develop, however, and reactivity to additional antigens was not observed once antibiotics had been administered. At day 84 after infection serum from mice in group 5 was reactive with only two T pallidum antigens and serum from mice in group 6 recognised five Tpallidum antigens (data not shown). Generally, serum from mice given the anti- 
Discussion
Several workers have attempted to use inbred mice as a model to study infection with T pallidum.5 With one exception,'3 the infected mice did not develop a characteristic lesion.4 The organisms apparently can persist, however, as virulent T pallidum can be transferred to rabbits using lymph node tissue from a previously infected mouse.2 3 Infected mice also develop antibody to T pallidum, which can be measured using an ELISA or MHA-TP assay.4 In this investigation we were interested to learn more about the development of the humoral immune response of mice experimentally infected with T pallidum, and specificially, to assess which T pallidum antigens were recognised by serum from infected mice at various times after inoculation. The western blotting procedure was used to identify T pallidum and T phagedenis biotype Reiter antigens that reacted with serum from infected mice. T pallidum and T phagedenis biotype Reiter proteins were separated by SDS-PAGE and, although each gave a complex gel electrophoresis profile (fig 1) , similarities with and appreciable differences between the polypeptide profiles of these organisms and the profile obtained on electrophoresis of normal testicular extract can be seen.
The number of Tpallidum antigens recognised by serum from infected mice increased gradually during 126 days after inoculation (fig 2) and then remained constant until 180 days after infection. These results correlate interestingly with the ELISA and MHA-TP assays described previously in this laboratory,4 which showed a quantitative increase in antibody directed against Tpallidum for 84 days after inoculation, with antibody concentrations dropping slightly thereafter but remaining appreciable. Thus mice infected with T pallidum develop antibodies against the organism and the response increases quantitatively until about 84 days after infection, yet the humoral immune response continues to develop qualitatively for 126 days after infection as the mice continue to develop antibodies that recognise additional T pallidum antigens during that time. When rabbits are infected intratesticularly with T pallidum they develop antibodies capable of recognising Tpallidum antigens by western blotting as early as three days after inoculation, and essentially the full complement of T pallidum antigens that rabbit serum appears to be able to recognise are detected by day 21 after infection with the organism.'5 16 Serum from people with secondary syphilis recognises a similarly complex T pallidum antigen profile. 12 At that stage of the J M Saunders and J D Folds illness, the organisms may have persisted in the lymphoid system for several months. In our study, the mice infected with T pallidum developed a complex humoral immune response to T pallidum antigens, allbeit at an appreciably slower rate than rabbits. This may have been due to the poor immunogenicity of T pallidum in experimentally infected mice as suggested by these and previous studies. 4 5,17,18 Figure 3 shows that serum from mice or rabbits infected with T pallidum as well as from people with secondary syphilis is able to recognise most of the same Tpallidum or Tphagedenis biotype Reiter antigens, as shown by the similar antigenic profiles. Several T pallidum antigens appeared characteristically to be recognised by the serum of mice, rabbits, or people infected with T pallidum. These included two low molecular weight antigens (about 12 000 and 14 000 daltons) as well as several major antigens of medium molecular weight (about 42 000 to 48 000 daltons).
Serum from inbred mice infected with Tpallidum also detected up to five Tphagedenis biotype Reiter antigens. This confirms the results obtained in rabbits, whose serum also reacted with five to eight antigens, and probably represents cross reactive antigens between T pallidum and T phagedenis biotype Reiter as detected by the western blot technique (fig 3) . 12 16 We found that serum obtained from people with secondary syphilis also reacted with six to eight Tphagedenis biotype Reiter antigens ( fig  3) . 12 Other workers using a crossed immunoelectrophoresis procedure showed that serum from patients with secondary syphilis recognised up to five cross reactive antigens. '9 Mice infected with heat killed Tpallidum failed to develop an appreciable antibody response against T pallidum. This suggests that viable organisms are required to establish a persistent infection for mice to mount an appreciable antibody response to T pallidum. The need for viable organisms correlated well with several attempts by other workers to immunise rabbits against infection with T pallidum.20 21 Viable organisms were generally needed to obtain protective immunity, although two instances of partial protection afforded by inactivated Tpallidum have been reported.22 23 Mice inoculated with Tpallidum were subsequently treated with antibiotics to interrupt persistence of the organism and to assess the effect on the antibody response to T pallidum antigens. Serum from mice receiving penicillin from day 2 after infection (group 3, fig 4) recognised a similar set of T pallidum antigens until day 42 as those recognised by serum from the mice that did not receive antibiotics ( 
